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resistance is made in various forms, the wire of which it is formed
being covered with asbestos and protected in various ways, and the
whole thing should be arranged that any sparking which takes place
should be inside an enclosure, from which gas is excluded. The
commutator of the motor should also either be totally enclosed or
inside a gauze enclosure, and the attendants should be warned to
keep the gauze free from coal dust, and not to open the case of the
motor unless the current is switched off. With three-phase motors it
is usual to employ the squirrel-cage type, as this avoids the necessity
of any starting resistance, but there is a difficulty with this type in
making the machine cut its way into the coal. The difficulty, however,
is not a very serious one, as the machine often has a run along the
face of several hundred yards, and it is only required to make a place
for it at starting. There is also the difficulty with the disc machine
when run by a three-phase motor, if the coal settles down upon the
disc, in obtaining power to free it. Mr. Eoslyn Holiday, who has
done a good deal in this matter, states that he is able to get over both
difficulties by switching the current on and off several times, a certain
torque being obtained each time the current is switched on, and the
coal being gradually cut into, or the disc being gradually freed. The
three-phase motor has the advantage that the switch, which of course
must be triple-pole, can be completely enclosed in a gas-tight
chamber, the rods working it passing through gas-tight glands.

Drilling by Electricity
Drilling is carried on very extensively in all mining work, for
the purpose of providing holes in which charges of powder, or
dynamite or other explosives are placed, to bring the mineral down.
In coal mining, in the great majority of cases, after a space has been
provided for the coal to fall by undercutting, as explained in con-
nection with coal-cutting machines, some force is necessary to break
the coal away from the strata overlying it, or, where the cut has been
made above, to separate it from the underlying strata, and this force is
provided by blasting. Attempts have been made from time to time to
do away with blasting. Mr. W. E. Garforth, at Messrs. Pearson &
Knowles's collieries at Normanton, has succeeded in doing away with
blasting, by undercutting just to the level of the cleat of the coal.
The coal seam in this case being thick (4 feet 6 inches), an undercut
of 6 feet provides sufficient weight to break the coal away at the cleat,
without any other force. Lime cartridges and hydraulic cartridges
have also been introduced, the operation in each case being the
expansion of the cartridge in the hole provided for it, the force exerted
by the expanding material breaking the coal down. But both of